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ABSTRACT 

Use by nesting waterfowl of artificial islands created 
in impoundments of water in southeastern Alberta was studied 
from 1976 to 1978. A total of 1205 nests of 12 species of 
found on the islands searched . Density of nesting ducks in 
the different impoundments varied between 2.3 and 29.1 nests 
per ha of which between 43 and 59% successfully hatched at 
least 1 egg. Mammalian predation was the main cause of nest 
failure. Greatest densities were recorded in 1977 when 
drought conditions were most pronounced; water persisting in 
the artificial impoundments seemed to attract waterfowl to 
hest on the islands. Mallard (Anas platyrhynchos), gadwall 
(A. strepera) and lesser scaup (Aythya affinis) were 
selecting islands to a greater extent than the other species 
of waterfowl fourd in the area. Of the 203 islands studied, 
107 were used by Canada geese; they initiated an average of 
1.35 nests per island and had a success rate of 70%. . 

By comparing production with various attributes of the 
islands, multivariate analyses showed that smalier islands 
located farther from shore and with a greater vegetative 
cover were the most productive, Recommendations for 
improving construction and placement of artificial islands 
are outlined. Moreover, the presence of nesting Canada geese 
on islands appeared to increase the density of nesting ducks 
and their success rate. The latter reflected an ability of 


geese to keep predators away from their nests and 
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coincidentally from those of ducks that nested in the 


vicinity. 
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INTRODUCTION 

Drainage of natural waterbodies and other agricultural 
practices have reduced the habitat suitable for nesting 
waterfowl on the North American prairies (Pospahala et al 
1974, Merriam 1978). Creation of artificial islands for 
nesting waterfcwl is one technique that has been proposed to 
protect and augment waterfowl production (Hammond and Mann 
1956, Keith 1961, Mihelsons 1968, Sherwood 1968 and others). 
Greater production on insular habitats, relative to the 
Mainland, generally reflects higher densities of nesting 
birds subjected to reduced pressure from mammalian predators 
(Hammond and Mann 1956, Hildén 1965, Mihelsons 1968, Vermeer 
1970, Ewaschuk and Boag 1972). 

For 40 years, Ducks Unlimited (Canada) has been 
constructing artificial earthen islands in impoundments of 
water as part of their habitat development and improvement 
programmes. However, little was known about the 
effectiveness of this programme in terms of either use or 
success of waterfowl nesting on them. The main objective of 
this study was to determine what physical characteristics of 
the islands influenced density and success of ducks and 
Canada geese nesting on them, Habitat selection by birds is 
influenced by stimuli from the physical environment and by 
interactions between birds of the same or different species 
(Hildén 1965). In this study, greater emphasis was given to 
the effect of the physical characteristics of the islands 


because it is possible to manipulate these factors. However, 
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the effect of nest density on nesting success of ducks and 
the social limitation of density in nesting geese were also 
investigated. 

Another aspect of the study was to test the hypothesis 
of Long (1970) who suggested that nesting ducks were 
socially attracted to the vicinity of nesting Canada geese. 

Finally, annual variation in weather conditions enabled 
me to study the effect of drought conditions on waterfowl 
use of artificial impoundments on the prairies. 

Results are presented in the form of 3 individual 


papers which are integrated in a concluding discussion. 
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PAPER 1. USE OF ARTIFICIAL ISLANDS BY NESTING WATERFOWL 
Abstract 
From 1976 to 1978, the use by nesting waterfowl of 

artificial islands created in water impoundments was 
investigated in southeastern Alberta. A total of 1205 nests 
of 12 species of ducks and 144 nests of Canada geese (Branta 
Canadensis) were found on the 203 islands searched over 3 
years, Mallards (Anas platyrhynchos), gadwalls (A. 
strepera), and lesser scaup (Aythya affinis) selected 
islands as nesting sites more than the other species of 
ducks found in the area. Density of ducks in the different 
impoundments ranged from 2.3 to 29.1 nests per ha with a 
success rate that varied between 43 and 59%. Canada geese 
nested on 53% of the islands with a mean of 1.35 nests per 
island; their nesting success averaged 70% Multivariate 
analyses of the islands’ attributes and productivity showed 
that smaller islands, farther from shore and with a greater 
vegetative cover were the most productive. Means of 


improving construction, positioning and vegetating of 


islands are suggested. 
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Introduction 

in recent years, construction of artificial islands as 
a management technique to overcome loss of nesting habitat 
(Merriam 1978) has been proposed by Hammond and Mann (1956), 
Keith (1961), Mihelsons et al (1967), Sherwood (1968), and 
Many others. Greater production can be achieved on islands 
because waterfowl nest at higher densities and suffer less 
mammalian predation than on the mainland (Hammond and Mann 
1956, Hildén 1965, Vermeer 1970a, Ewaschuk and Boag 1972). 

Some studies have provided information on the 
characteristics of islands that make them most attractive to 
nesting waterfcwl (Hammond and Mann 1956, Keith 1961, 
Sherwood 1968, Long 1970, and others). Recently Kaminski and 
Prince (1977) used multivariate analyses to distinguish 
quantitatively the factors that influenced selection of 
islands by nesting Canada geese. 

The aim of this study was to use the Kaminski-Prince 
approach in determining which factors were important in 
limiting the number and nesting success of ducks and Canada 
geese using artificial islands in southeastern Alberta. 
Hildén (1965) stated that habitat selection by birds is 
influenced by the physical characteristics of the 
environment and by the presence of other birds of the same 
or different species. In this paper, I investigated the 
importance of the physical characteristics of the islands. 
Additionally, I measured the effect of nest density on the 


nesting success of ducks and geese and the effect of 
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interactions among geese in selecting their nest Sites. 
Elsewhere (Giroux 1979a), I describe an interspecific 


association between ducks and Canada geese. 
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Study Area 

The islands studied were located in 7 impoundments 
created by Ducks Unlimited (Canada) near the town of Brooks 
(50.69 N, 111.99 W) in southeastern Alberta (Table 1). This 
is in a regicn of mixed-prairie 50 km southeast of the area 
described in detail by Keith (1961). 

Impoundments A and B are 2 adjacent irrigation 
reseltvoirs. Artificial islands, located at various points 
along their shores, were created by isolating tips of 
peninsulas through excavation of ditches on the landward 
Side. They presently range in size from 0.13 to 6.6 ha. Iwo 
types were recognized: larger islands with 1 or more heaps 
of earth but with more than 40% of their area covered with 
Native mixed-prairie vegetation (Coupland 1950), and smaller 
islands with isolated piles of earth but less than 40% of 
their area covered by native grassland vegetation. Pioneer 
vegetation had invaded these piles of exposed earth which 
now support stands of forbs ("forbs" type, Table 2) such as 


Russian thistle (Salsola kali), tansy mustard (Descurainia 
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tumbling mustard (Sisymbrium altissimum), burning bush 
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as foxtail barley (Hordeum jubatum), western wheat grass 
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(Agrepyron smithii), and crested wheat grass (A. cristatum), 
the last species having been seeded in 1974, Water levels in 
each reservoir are regulated; from early May to the end of 


July they are drawn down in response to irrigation 


Yeoh yr 


= a6 AS ine = ever ab. sbe 


; ss ba ‘ v7 “ a 7 : Le 
a Ld Ligh oF ra ; : 
| \ : i i AS i” 7 
eh i ¥ has welt - 
® SLA kasd ht oe 
aM baci fy : Wa ~ 
Es ees >) Bike ped i 
" ) ho Te Py a he 
ah Me mth en ae it: 
0 Dhol ce: a ameoee eek, Lae oe, 
Ra geehirogeat me br saaeiGA atina Gk: wet 3. 


; : Me my ei ey ie bate ities | 8h 
eat eh cellar etsbdt panama 3 


a a a Vi) aa ee ae Poe f aN a “. ki eel 
BeLisae bas , (oe? Sasigqan). douse crapay shubipbecce’ 


Be, ’ f i; = are . > ie i P rr aah | os i rea rie 7 A yy a se * 
 tovisisgetgas | et pogoguty) sooteaony potgut~woddten of 
= : é ’ ~ _ r, 


tapaecadee of) since tyes 8 ba wsn078 3 


c é en ers wh Pi re 6 ; 
akogza Fo: fiwoe init 358 sips agetatat Ae meno ye ners 


i 
H i] 


a i ees CON gy | Cia, Wee: PSs, 
ay ' hy V6 eS Were teh hat se om AENEN ‘Emel 
; i 7 x i a 7 ' y my 
ao ae ee eo! OY PP ae? ew Se © an of os 
avin oa ae dO Rae 5. wks bere mM 


ti 
, ne ¥ < 
a > eh ot @ Cis w n 
Py ra t 
Le ern e ce! 
yo 
1} 6 DD ie aa TO 
a a | on oa e 
OME « ie th. OS ioe 
annie ; ad 
& j St * yi wil : i? 


it 


‘iy Saaevoo sens apods ite aC) oeds ead aed ue 


i 7 ’ y 
Baa ik 
o 


4 


7 
sar ‘ j ‘ “ in FT ” ae f ie = 
Bi ki 7 +) oe a a | r SBS Jes . ai att 1 fig a Fin 
$ 
i = i 
7 ofa te rote | oa : ‘ ip re tem a ae 2 a ek Ts (sana beds 
ranGied .oiretepsy. baaieasar avisten va barevon os 


Ya ks Gs? ,97e st Madtoi)  2haoR tO ves rate Pay aie a al 


o 
an aan 


SALLE SPBuSs ) sme tavn Geakt \(iket Bhoetsal, sits i as osiieaay 


oy 


pa ~ Sei ' wir 
dao pocktrind » COMB Ra Sees nttdayase) fraetenn 
} ; ob a Ew ore. lee ol, me Br rie + ‘. rs r Pé 


Aven (5 ofGe * sine teasay") ee 


a > * Cy) 
ij ; va) raf, a ’ bles 


ad ae aol 


aaa te 
re it ; i Se 

i oat a8 (gaat (hana 

Se ale ae 

Wien “Redseytcts 


requirements, being refilled in fall and early spring with 
water from the Bow River. 

The 5 other impoundments (C, D, E, F, and G) are 
located in shallow basins about 15 km southeast of reservoir 
Be. in each of these basins a series of artificial islands 
Was created with earth scrapers before flooding. Most were 
built by piling up the earth that was scooped out of a 10-m 
wide moat down to a depth of about 75 cm. Some were made by 
piling up the earth from an adjacent borrow-pit. The 
resulting islands are rectangular in shape, 1to 2 m high, 
and cover from 0.09 to 0.47 ha. Between the moat and the 
pile of earth, a berm of 3 to 5 m was left intact. This has 
become covered by spike rush (Eleocharis palustris) and 


water smartweed (Polygonum coccineum) ("emergent" type, 
Table 2), and is subjected to flooding. The piles of earth 
have been colonized by such species as tansy mustard, 
burning bush, lamb's-quarters (Chenopodium album), bull 
thistle (Cirsium vulgare), gumweed (Grindelia squarrosa), 
foxtail barley, and western wheat grass. Islands in basin F 
and G were seeded with a mixture of crested wheat grass 
(40%), Russian rye (Elymus junceus) (40%), and sweet clover 
(Melilotus sp) (20%) in the spring of 1977. In fail and 
early spring, these shallow basins are flooded with water 
from reservoir B through a series of canals. Water levels 
decrease during the summer through evapo-transpiration at a 


rate of approximatively 15 cm per month. In some years, 


water disappears over most of each basin, remaining only in 
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the moats around the islands by the month of July. 
Surrounding uplands are grazed by cattle which often 
concentrate near the flooded basins where they can find both 
water and green vegetation. They grazed intensively between 
the islands of the low-lying basins and on some islands 
where insufficient water remained to deter them crossing the 


moat. 
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Methods 

Relative numbers of each waterfowl species present in 
the different basins were estimated by counting the 
indicated breeding pairs {Dzubin 1969). In 1976, a single 
count was done in each area between 12 and 21 May by 1 
observer walking the shoreline of each impoundment. The 
following year, 3 to 4 counts were conducted between 15 
April and 1 June by 1 or 2 observers walking, canoeing or 
from a vehicle. 

Number and species of waterfowl nesting on the islands 
were recorded from 1976 through 1978. Nesting habitat (37 
ha) on 75 islands was searched annually during the ist 2 
years and a sample of 53 of these islands (13 ha) was 
searched during the 3rd summer. In 1976 and 1978, 2 
systematic searches were done by 1 or 2 observers walking a 
series of paraliel transects; a 3rd visit to the islands in 
1976 checked the fates of late nests. In 1977, 4 systematic 
searches were done by 2 observers walking parallel transects 
perpendicular to each other. On reservoir A, the 4th visit 
checked the fates of late nests. Transects were 2-3 m apart 
depending on vegetation density. A short stake was used to 
beat dense vegetation. 

A nest was recorded if it contained 1 or more eggs. If 
whole eggs were absent (owing to predation), presence of 
fresh down, nest material, and sometimes eggshell fragments 
were taken as evidence that a nest had been initiated in 


that season and so was recorded. Nests were classified as 
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"active" if hens were laying or incubating and "inactive" if 
clutches had been hatched, deserted or destroyed. The 
species of waterfowl occupying a nest was identified either 
by seeing the female as it flushed or by characteristics of 
the nest, eggs, down, and contour feathers. Stage of 
incubation of each clutch was determined by floatation of 
eggs (Westerskov 1950). Locations of nests were plotted on 
field-maps; markers were not used because they could have 
attracted avian predators (Picozzi 1975). A nest was 
considered successful if at least 1 egg of the clutch 
hatched. 

The physical characteristics of islands varied within 
and among basins. In 1977, a series of independent variables 
were measured on each island in an attempt to determine 
which of these factors or set of factors explained most of 
the variation of the dependent variables (density and 
nesting success of ducks and geese). Area and length of 
island shoreline were calculated with a planimeter anda map 
measurer either from aerial photos or from maps drawn by the 
compass transverse and intersection method (Mosby 1971). 
Vegetation of the islands was classified into 7 types 
(Table 2); the proportion of each island covered by the 
different types in July was calculated with a planimeter. By 
comparing availability of each type and its use by nesting 
waterfowl, I determined that "forbs" and "grass-forbs" were 
preferred by nesting waterfowl (Table 2). The proportion of 


each island covered by these 2 types was then included in 
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the set of independent variables. Water depth and distance 
between each island and the mainland shore were measured in 
early May and early July. The age of each island was based 
on the number cf summers since its construction. 

Variations in density and nesting success of ducks were 
analysed by stepwise regression (Draper and Smith 1966). The 
criterion for retaining or deleting a variable was based on 
the 5% level of probability and aptness of the model was 
examined through the study of the residuals (Neter and 
Wasserman 1974). The logarithmic transformation was used to 
linearize the regression function and to stabilize the 
variance of the error terms while the angular transformation 
was applied to data represented by percentages (Sokal and 
Rohlf 1969). 

Because the number of Canada geese nesting on the 
islands was limited, a discriminant function analysis was 
used to compare isiands used and unused by nesting geese, 
and islands with successful and unsuccessful goose nests. 
The independent variables were also selected by a stepwise 
procedure on the basis of their discriminant power; the 
selection criterion was the smallest Wilks' lambda (Nie et 
ae 7S)te 

Other statistical analyses were performed according to 
Sokal and Rohlf (1969); the significant level of probability 


was established at 5%. 
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Results and Discussion 

During the study, 1205 nests of ducks (12 species) and 
144 nests of Canada geese were found on the 203 islands 
searched. Among ducks, lesser scaup, mallards, gadwalls, 
pintails (Anas acuta), and blue-winged teal (A, discors) 
were the most common species to use the islands as nesting 
Sites (Table 3). When the species composition of ducks 
hesting on islands in the 2 types of basins were compared, a 
Significant difference emerged. Islands in the larger and 
deeper reservoirs (A and B) supported a greater proportion 
(P<0.005) of diving ducks, 34% of the nesting birds 
(Table 3). By contrast, divers made up only 18% of the 
nesting population in the low-lying basins (C, D, £, F, and 
G)e 

The extent to which the most common species in the area 
used islands as nesting sites was judged by comparing counts 
of breeding pairs with those of nesting birds (Table 4). 
Results indicate that mallards, gadwalls, and lesser scaup 
sought out islands as nesting sites whereas pintails, teal, 
northern shovelers (A. clypeata), and American wigeon (A. 
americana) avoided islands. These data are supported by the 
species composition of ducks nesting on the mainiand. Of 46 
nests found on the adjacent mainland, 46% were pintail, 20% 
teal, 13% lesser scaup, 9% northern shoveler, and 2% 
American wigeon; mallard and gadwall together accounted for 


only 10% Other studies have also reported that mailards 
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(Drewien and Fredrickson 1970, Vermeer 1970b), gadwalls 
(Henry 1948, Hammond and Mann 1956, Duebbert 1966), and 
lesser scaup (Keith 1961, Long 1970) nest at high densities 
on isiands. 

These findings indicate that female mallard, gadwall 
and lesser scaup may be more tolerant (Duebbert 1966, 
Pulliainen and Niemela 1975) or even socially attracted by 
conspecifics (Hammond and Mann 1956, Duebbert 1966) 
promoting higher densities among them. For the other 
species, it is not possible to decide whether they were 
avoiding the islands per se or whether they were intolerant 
of or subordinate to individuals already established on the 


islands. 


I believe that ali females on nests were flushed on 
each island, regardless of vegetative cover and observer 
attentiveness. Therefore, the group of nests located by 
flushing females is representative of the nesting population 
at the time of the census. A strong correlation (r=0.92, 
df=126, P<0.01) between the number of nests located by 
flushing a female and the number of "active" plus "inactive" 
nests found on the islands suggests that the latter sum 
represents the nesting population adequately and allows 
comparisons of nesting densities between islands. 

The average density over the 3-year period varied from 


2.3 nests per ha on the recently-created islands at F and G 
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to 29.1 nests per ha on the older islands at D (Table 5). 
Annual variation in density was recorded with the greatest 
humber of nests being found during a period of drought in 
1977. Water persisting in the artificial basins under 
investigation that year seemed to attract waterfowl to nest 
on the islands in them (Giroux 1979b). Density of nesting 
ducks observed in this study is somewhat lower than other 
densities reported on islands (Table 6). However, it appears 
that, when islands are present in high density (Long 1970, 
Vermeer 1970b, this study), they are used differentially. 
These data support the conclusion that islands, even 
artificial ones, are attractive to ducks. The number of 
nests per ha on mainland habitat is reported to vary between 
0.0 and 4.3 (Oetting and Dixon 1975). 

Density of nesting ducks was inversely correlated with 
size of island in the reservoirs and the low-lying basins 
(Table 7). A similar relationship has been reported by 
Mihelsons et al (1967) and Vermeer (1970b). The smailest 
island studied (0.09 ha) supported 10 duck nests in 1977 
(111 nests per ha), the highest density recorded. However, 
the minimal size, beyond which interactions between birds 
May prevent establishment of more than 1 pair per island, 
has yet to be determined. Johnson et al (1978) reported high 
densities of mallards (Table 6) on very smali islands 
(0.0025 ha), but I consider that it is not appropriate to 
present the number of nests per ha when only 1 nest can be 


initiated on such small islands. 
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On islands in reservoirs A and B, density of nesting 
ducks was positively correlated with distance of island from 
shore in May (Table 7). Islands located far from the 
Mainland had greater densities (46.8 nests per ha) than 
islands of similar size located close to shore (33.7 nests 
per ha). 

In the low-lying basins, the proportion of an island 
covered by preferred vegetation (Table 2) explained 70% of 
the variation in density of duck nests (Table 7). Older 
islands had a greater proportion of their area covered by 
this vegetation (r=0.75, df=33, P<0.01). Moreover, the 
proportion of the island covered by preferred vegetation was 
also correlated with depth of water around the islands at D 
(r=0.58, df=12, P<0.05) and at E (r=0.75, df=15, P<0.01). 
This suggests that presence of water around islands promotes 
growth of vegetation, a suggestion supported by the fact 
that density of vegetation was greater nearer the water (on 


the slopes) than on the tops of the islands. 


Density of Canada goose nests 
Of the 203 islands investigated in this study, Canada 
geese used 107 (53%) as nesting sites; they initiated a mean 
of 1.35 nests per island. Geese showed a distinct preference 
for the artificial islands since only 1 goose nest was found 
on the mainland adjacent to a basin. Between 1976 and 1978, 


a total of 53 islands were observed annually and the 


proportion used by Canada geese for nesting rose irom 43 to 
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62 to 75% This increased use was associated with a 
progressive colonization of the more recently-created 
islands which may reflect either immigration into the study 
area or an increase in the local breeding population. The 
average density of island-nesting geese, over the 3-year 
period, ranged between 0.2 and 7.1 nests per ha in the 
different basins. Densities greater than 25 nests per ha 
have been reported for Canada geese nesting on islands 
(Naylor 1953, Munro 1960, Ewaschuk and Boag 1972) but in all 
cases the number of islands per impoundment was much lower 
than in the basins investigated in this study. 

Canada geese selected nesting islands that were 
characterized by deeper surrounding water and greater 
coverage of "forbs" and "grass-forbs" (Fig. 1). Islands 
Surrounded by deeper water may represent safer nesting sites 
for geese. Greater density of vegetation may also be 
advantageous through reducing interactions among nesting 
geese, However, it seems to contradict the findings of 
Kaminski and Prince (1977) in southeastern Michigan. They 
found that islands selected by nesting geese had a lower 
density of vegetation and hence good visibility. However, 
the vegetaticn found on the islands investigated in this 
study was short allowing geese to observe the surrounding 
area when standing up near their nests whereas vegetation on 
the Michigan islands ranged from 1.5 to 2.4 min height and 
would not have permitted geese such visual freedon. 


Moreover, presence of visual barriers which would decrease 
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interactions between pairs was probably less important in 
their study area since density of the breeding population 
was much lower than in mine (1.2 vs 9.6 pairs per 10 km2). 
Establishment of more than 1 goose nest per island was 
recorded in a few instances when visual barriers were 
provided by vegetative cover or by the physiognomy of the 
island itself. In March and April 1977, geese selecting nest 
Sites were observed for 250 hours from an elevated blind 
located in the vicinity of the islands (0.09 to 0.3 ha) at 
D. A pair of geese usually defended an entire island. 
However, 2 nests were initiated on each of the 3 islands 
With the greatest proportion (89, 98, and 99%) of their 
surface covered with forbs and grass-forbs. On those 
islands, dry vegetation of the previous year completely 
concealed the geese when constructing their nests or laying. 
This reduced (P<0.005) the number of interactions between 
pairs during the pre-incubation period. At the 3 islands 
with 2 goose nests, I recorded 8.5 interactions per pair per 
island whereas at the 9 islands with only 1 nest I recorded 
16.6 interactions per pair per island. These observations 
support the suggestion that dense vegetation may lower 
visual stimuli and hence decrease interactions between pairs 
of Canada geese (Munro 1960, Ewaschuk and Boag 1972). These 
interactions are believed to influence establishment of 
territory and nest site selection of geese (Klopman 1958). 
Thus, a good ccver of forbs over the entire islands may 


permit establishment of 2 goose nests per island, possibly 
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the maximum number before the effect of crowding would 
reduce nesting success (Naylor 1953, Munro 1960, Ewaschuk 


and Boag 1972). 


Nesting success of ducks 

The ultimate factor prompting anatids to select islands 
as nesting sites is the protection the islands provided 
against mammalian predators and thus the reproductive 
success of ducks using them (Hildén 1965). Keith (1961) and 
Townsend (1966) showed that ducks nesting on islands had 
greater hatching success than on the mainland. Long (1970), 
reviewing nesting success of ducks in several studies of 
island habitat, concluded that it was generally greater than 
70%. However, Hammond and Mann (1956) noted that predation 
remains the primary cause of waterfowl losses on islands. 

Clutches that have been destroyed by predators are 
believed to be more conspicuous to man than those that 
hatched (Kalmbach 1938). This would tend to bias upwards the 
number of preyed-upon nests in the sample. I found that 
“inactive” nests were proportionately more unsuccessful 
(P<0.005) than nests located by flushing females. Therefore, 
it seems more appropriate to omit "inactive" nests in 
Calculating nesting success. 

In 1976 and 1977, 59% of 220 duck nests found on 
islands of the low-lying basins were successful. On islands 
in the reservoirs A and B, nesting success was also lower 


than expected since only 43% of 367 nests hatched at least 1 
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egg. in all waterbodies, decreasing water levels through 
evapo-transpiration and irrigation draw-down reduced the 
security of islands against mammalian predators. Of 301 
nesting failures, 3% were deserted, 57% were lost to 
Mammalian predators (skunks, Mephitis mephitis; badgers, 
Taxidea taxus; and coyotes, Canis latrans), 1% to avian 
predators, and for 40% the cause of failure was unknown. 

Nesting success of ducks was positively correlated with 
distance of island from mainland shore in early July 
(Table 7). Although it explained only 30% of the variation, 
this factor was the most important at both types of 
waterbodies. Depth of water surrounding an island did not 
contribute significantly to the variation in nesting 
SUCCESS. | 

The effect of density of ducks on their nesting success 
was investigated either because interactions between birds 
might decrease their success or because high concentrations 
of ducks might be more vulnerable to predation. Such a 
relationship was not found. In fact there was a positive 
correlation between nesting success and density (r=0.54, 
df=47, P<0.01) which suggests that more females were 
selecting safer islands as nesting sites. Duebbert (1966) 
noted that hatching success of gadwalls was not reduced at 
nesting densities as high as 43 nests per ha. However, Long 
(1970) reported that nesting behavior was “abnormal" at 
densities of 130 nests per ha. Dropped eggs, nest desertion 


and nest parasitism were frequent when ducks nested in these 
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extreme concentrations on islands. 

In this study, 12% of 743 nests located in 1977 
contained eggs that appeared to have been laid by 2 or more 
females (inter- or intraspecific parasitism). The frequency 
of parasitized nests was positively correlated with the 
density of nests in the different basins (r=0.95, df=4, 
P<0.01). Joyner (1976) has shown that eggs in parasitized 
hests have lower hatching success than in unparasitized 
nests. Nesting success based on the clutch, not the 
individual eggs, did not show any negative effect of density 
in this study but perhaps information on egg success would 


have given a different result. 
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During the 3 years of the study, 101 nests (70%) of 
Canada geese hatched at least 1 egg, 25 (17%) were 
preyed-upon, and 18 (13%) were deserted. This level of 
nesting success is equivalent to 67% calculated for nearly 
5000 nests reported in several studies on islands (Naylor 
1953, Sherwood 1968, Vermeer 1970a, Hanson and Eberhardt 
1971, Ewaschuk and Boag 1972). All desertions occured on 
islands in low-lying basins where density of nesting geese 
was greater and where social interactions between pairs may 
have been the cause (Ewaschuk and Boag 1972). This 
contention is supported by the fact that a greater success 
(P<0.005) was recorded for geese nesting singly on islands 


(80% of 60 nests) than for geese nesting on islands where 
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there was more than 1 nest (53% of 43 nests). During the 
incubation period, the situation observed during the 
pre-incubation was reversed. When geese are established on 
islands, the number of interactions involving pairs nesting 
Singly on adjacent islands is probably lower than for pairs 
nesting in close vicinity on a same island. Ewaschuk and 
Boag (1972) recorded a smaller nearest-neighbor distance 
between unsuccessful nests than between successful nests. 
Nevertheless, the number of goslings produced per island was 
greater on islands with 2 than with 1 nest. 

Distance between island and mainland in May and 
percentage of island surface covered with "forbs" and 
"grass-forbs" (Table 2) were most influential in separating 
islands with at least 1 successful goose nest from those 
without a successful nest. Islands with successful nests 
were located either farther from shore or had denser 
vegetation (Fig. 2). Importance of distance of islands from 
shore may reflect the same effect of discouraging mammalian 
predation as has been suggested for ducks in this study. 
Also, it has been suggested by Ewaschuk and Boag (1972) that 
increased vegetative cover may reduce the number of 
interactions between pairs of geese and conseguently lower 
their rate of desertion. Moreover, there is perhaps a 
compensatory effect between the 2 variables since heavy 
vegetation may make geese less visible to predators when 


nesting on islands near shore. 
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Management Recommendations 

Comparison of island characteristics and productivity 
Showed that smaller islands located farther from shore and 
with a greater vegetative cover were the most productive. 
Keith (1961) observed that preferred islands were at least 
15 m in diameter (0.02 ha) while Hammond and Mann (1956) 
suggested islands of 0.]2 to 0.4 ha. From this study, I 
would recommend that islands encompass about 0.1 ha. Smaller 
islands may be even better but as yet the optimal size is 
not known. 

Keith (1961) claimed that a moat 45 to 60 cm deep and 
about 10 m wide was adequate to deter skunks. Hammond and 
Mann (1956) suggested a depth of 30 to 45 cm with "several 
hundred feet of open water" while Sherwood (1968) 
recommended locating islands at more than 60 m with a 
minimal depth of 30 cm. However, coyotes (Hanson and 
Eberhardt 1971) and badgers (Duebbert 1967) have been 
observed to swim over 200 m without any apparent stress. I 
recorded a skunk swimming between islands over a distance of 
more than 200 m. Based on the relationship between nesting 
success of ducks and distance of island from mainland shore 
in July (¥Y = 28.45 + 0.36X), I would recommend a distance of 
at least 170 m between island and mainland shore. Since 
geese were using islands surrounded by a mean depth of 69 cm 
of water, I consider that a depth of about 75 cm should be 
adequate to make an island attractive, providing it is 


sufficiently far from shore. 
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Nesting waterfowl selected stands of broad-leaved 
annuals and perennials mixed with grasses. Establishment of 
vegetation on islands could be promoted by seeding a mixture 
of grasses and legumes (Duebbert and Lokemoen 1976). Type of 
soils and moisture conditions particular to each area will 
determine the species to seed. Most of the artificial 
seeding done on islands in the Brooks area was unsuccessful 
or very slcw to become established, probably because of the 
dry conditions on the islands. Under such conditions, I 
Suggest that watering the islands at the time of seeding 
wili accelerate establishment of nesting cover. Flooding of 
the basin will raise the water table under the islands but 
can be detrigental to islands through erosive action of 
waves against unprotected shores. 

In the reservoirs, the large cut-off peninsulas with 
more than 40% native grassland vegetation were less 
attractive to waterfowl than the smaller islands with 
greater coverage of forbs and grass-forbs. This suggests 
that the former should not be constructed when costs of the 
2 types are similar. 

Islands created in the shallow basins by piling up 
earth from an adjacent borrow-pit were surrounded by flooded 
emergent vegetation except on the borrowed side where there 
WaS open water. These islands were used less by ducks as 
nesting sites than islands with a complete moat (8.2 vs 15.2 
nests per ha). Thus islands should be constructed with a 


complete moat so that there is open water all around the 
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island. 

Rectangular islands appear the most appropriate because 
such islands have greater perimeter per given area than 
circular, elliftical or square islands. The greater the 
ratio of water-land edge to land mass the more attractive 
the insular habitat (Hammond and Mann 1956). Moreover, 
rectangular islands require limited surveying and are easier 
to build, especially with a scraper. Heavy equipment 
travelling and unloading material on the central pile of 
earth results in a more compacted and erosion-resistant 
island. . 

Erosion is the most important factor influencing 
longevity and therefore productivity of an island. For 
islands covering from 0.1 to 0.4 ha, Hammond and Mann (1956) 
reported a reduction in size of 65 to 75% in 14 years. In 
this study, the effect of erosion was more marked in 
reservoirs than in low-lying basins. Actual reduction in 
size of eroded islands was not measured but was usually 
limited since islands were all recently-constructed and also 
because declining water levels in the shallow impoundments 
reduced wave action. 

To minimize erosion, I suggest that islands be oriented 
parallel to the prevailing winds. Hammond and Mann (1956) 
suggested that emergent vegetation around the island can be 
used as natural breakwaters. However, Mihelsons et al (1967) 
observed that islands surrounded by a dense belt of tall 


emergent vegetation offered no access to open water and were 
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avoided by waterfowl. The importance of free access to open 
Water from the island was suggested at D where I noted that 
geese approached or left islands more often by swimming than 
by flying (430 vs 105 observations). I suggest that dense 
emergent vegetation should be left only on the windward side 
of an island. In large waterbodies where wave action is 
Significant, isiands should be located along the lee shore. 
Rip-rapping the windward shores of islands subjected to 
erosion is a costly possibility and its effect on waterfowl 
is unknown. 

Hammond and Mann (1956) suggested that close spacing of 
islands protects them from wind and wave action. However, 
clustering of islands can increase their vulnerability to 
predators (Sherwood 1968), a phenomenon also recorded in 
this study. At D, greater nesting success of ducks (P<0. 005) 
was recorded on islands that were Separated by more than 
100 m (89% of 28 nests) than on islands at less than 100 on 
(54% of 41 nests). Since these islands were at the same 
distance from shore, their close spacing may have decreased 
their productivity. More experiments should be conducted to 
test this apparent relationship. Sherwood (1968) suggested 
that small islands constructed for nesting Canada geese 
should be more than 45 m apart; results of this study 
indicate that islands of 0.1 to 0.2 ha should be no closer 
than 100 nm. 

Increase in the breeding population of Canada geese in 


the study area and progressive colonization of the more 
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recently-created islands by geese suggests that availability 
of nesting sites may be a limiting factor on the prairies of 
southeastern Alberta. It also shows the potential of 
constructing islands in different impoundments located in 
the same general area to increase local populations of 
geese. . 

It 1S appropriate to subject the construction of 
artificial islands to a cost-benefit analysis. Hammond and 
Mann (1956) estimated a rate of $0.16 per m3 of earth moved 
for the construction of islands in 1955. In 1968, islands 
built by Ducks Unlimited (Canada) with a scraper at 
impoundment D cost about $300 each or $0.29 per m3. By 1979, 
this rate had risen to between $1.00 to $1.70 per m3 
depending upon quality of material and working conditions. 
At D, an average of 4.5 goslings and 25.5 ducklings per 
island are produced annually, based on 4.5 goslings and 7.5 
ducklings per successful nest (Vermeer 1970a,b). Considering 
an actual expenditure of $1400 per island or $1.35 per m3, 
the cost per bird hatched over a 20-year period would be 
$2.33 (1979 Canadian funds). Since the life expectancy of 
these islands is more than 20 years, each additional year of 
producticn would reduce the cost per bird produced. 

Compared to other techniques such as idle cropland 
(Duebbert and Lokemoen 1971) or artificial nesting 
structures (Rienecker 1971, Doty et al 1975), islands are 
more expensive. However, they require less maintenance, more 


ducklings and goslings are hatched per unit area on then, 
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and they are used by a greater diversity of species. 

Complete evaluation of the utility of islands in 
waterfowl production will be completed only when information 
on the survival cf broods to fledging is known It is also 
important te know whether ducks using islands are birds 
drawn from cther parts of the marsh or represent an actual 
increase in the breeding population. If birds nesting on 
islands are only drawn from other parts of the marsh, they 
may nevertheless enjoy greater nesting success there than on 
the mainland, thus producing more ducklings. Moreover, any 
"vacancies" created by the movement of birds to islands, may 
be filled by other breeding pairs. 

More investigation should be conducted to determine if 
increasing density of islands augments the nesting 
populaticn of an impoundment or contributes only to disperse 
ducks present among more islands. 

Finally, the use of artificial islands by waterfowl 
should be studied in other ecological zones such as the 
parkiand or the boreal forest to determine if the technique 
is also effective and whether the same factors influence 


density and success of waterfowl there as on the prairies. 
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Table 3. species composition of ducks nesting on islands 
located in reservoirs and low-lying basins near Brooks, 


Alberta, 1976-78. 


nn a a it ed 5s A Sn oe BO a ES BG id eh es SE 


Number of nests 


species 
Reservoirs Low-lying basins 
Mallard ple es ae Ga do gl (215 
Gadwall ASS ack Oe ae wa Calases 
Pinta bil GOunGon OF ea) 
Teal? 69 (10) 62 (14) 
Northern shoveler 35 (5) es) 
American wigeon SO Sy) eres) 
Totakrdabbler 460 (66) Shae Ge) 
Lesser scaup O10 He 04) ple CL 8") 
Redhead Pes Vee) 
White-winged scoter Lae) EGO?) 
Ruddy duck - He (a) 
Total diver 220 324) 8:0. C13) 
VOCs ducks 699 (100) i De OO:) 


a RR SIR ES Ta ane UN MR ccs A «TI mi cc cae FO ae el ea Seinen eed 
: Figures in parentheses are percentages. 


All 3 species of teal (Anas discors, A. crecca, A. 


cyanoptera) were grouped together. 
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Table 4. Relative use of islands by nesting ducks near 


Beooken nilbertay L976—7 7% 


Reserves Low-lying basins 
opecies pee ey ier a TT IA ee Sa aR SEREEE THe besiten ames reoner eT= Mean 

1976 Leia 1976 Oia 
Mallard A Be ee 4.2 2.0 Dae 
Gadwall He yg Ley: 2 1b 
Lesser scaup ai capne 24 Uverk reas 
Inge Sha ug: wo Eh 0.4 OR Arar eae at 
Teal” OS O36 io eRe) Oey 
Northern shoveler0.7 O26 0.5 0.4 Bags 
American wigeon 0.8 0.3 G23 O73 0.4 


a Pereenrpece of all (ducks mesting on islands ain given type 
of waterbody divided by percentage of all breeding pairs 
eounted at that given waterbody. 


wis species of teal were grouped together. 
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near Brooks. Albertas! 1976276. 


No. of nests per ha 


Impoundment 
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PAPER 2. DUCKS NESTIWG IN ASSOCIATION WITH CANADA GEESE 
Abstract 
During 2 years, an association involving ducks and 

Canada geese (Branta canadensis) was investigated in 
southeastern Alberta. Ducks, nesting on islands in 
association with incubating geese, showed greater densities 
and greater nesting success than on islands without nesting 
geese. After the geese left the islands, at hatching, this 
difference in nesting density and success disappeared. 
Physical characteristics of islands used and unused by geese 
were not Significantly different. This association between 
nesting ducks and geese appears to be commensalistic with 
ducks, particularly mallards (Anas platyrhynchos) and 
pintails (A. acuta), receiving benefit from it. Geese are 
adept at keeping predators away from their nests and 
indirectly provide protection for ducks that nest in the 
vicinity. The proximate cause of the association may be a 


social attraction of ducks to geese. 
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Introduction 

During a study of the use of artificial islands by 
nesting waterfowl, the distribution of duck nests among the 
islands was found to be correlated with size, security and 
vegetative cover of the islands (Giroux 1979). However, this 
distribution may have been influenced by interactions with 
other individuals of the same or different species (Hildén 
1965). For example, colonially-nesting larids are said to 
attract nesting ducks (Koskimies 1957, Hildén 1964, Vermeer 
1968,1970b) despite this association being considered an 
ecolcegical trap under some circumstances (Dwernychuk and 
Boag 1972). Evans (1970) and Alison (1975) presented 
evidence suggesting a positive association between oldsguaws 
(Clangula hyemalis) and arctic terns (Sterna paradisaea) but 
the relaticnship is not considered beneficial to the ducks 
(Alison 1975). 

Clustering of nesting ducks, especially mailards, have 
been reported around Canada geese nesting on islands 
(Williams 19€7, Long 1970). Long (1970) suggested that the 
association was sociaily stimulated and selectively 
advantageous for ducks in that they received protection from 
geese against potential nest predators. The opportunity to 
investigate the extent to which ducks were attracted to 
islands with nesting geese and the possible advantage for 
ducks arose when Canada geese were found to be nesting on 


many islands under investigation, I report the results 


herein. | 
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Study Area and Methods 

The study was conducted on a series of islands created 
by Ducks Unlimited (Canada) in 5 artificial impoundments (A, 
B, C, D, and E) near the town of Brooks in southeastern 
Alberta (50.69 N, 111.99 W). Detailed descriptions of the 
islands and the waterbodies appear in Giroux (1979). I 
Studied islands at impoundment E in 1976 and those at the 
other impoundments in 1977.. 

The extent to which ducks were attracted to islands on 
which Canada geese were nesting was based on a comparison of 
the numbers of duck nests found on islands with and without 
nesting geese. On 46 islands searched , 20 (total of 5.8 ha) 
had at least 1 goose nest (Group I) while 26 (total of 8.4 
ha) had no goose nest (Group II). To discern the influence 
of the physical characteristics of islands and of the 
presence of nesting geese on the number of duck nests, I 
compared the 2 groups of islands at 2 periods. For each 
isiand, I recorded the total number of duck nests initiated 
before the last goose left that island (Time 1) and the 
number initiated thereafter (Time 2). For islands not used 
by geese, the mean date on which geese left the other 
islands was used to categorize duck nests initiated during 
the 2 periods. 

To determine if ducks were attracted by the physical 
presence of an incubating goose, 7 of the 14 rectangular 
islands at impoundment D, known to be used by nesting geese, 


were divided in half by erecting 1.25 m high soliid panels 
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across their width. These islands were subsequently searched 
for nests as were the other islands. 

The physical characteristics of the islands were 
compared using a multivariate analysis of variance (Cooley 
and Lohnes 1971). Differences in nesting density and success 
were tested using t-tests and chi-sguare contingency tests 
(Sokal and Rohlf 1969). Species composition of ducks on the 
2 groups of islands was compared with a test of independence 
using the G-statistic. The level of significance was 


established at 5%. 
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Results 

In both years, the mean date on which geese left the 
islands varied in the different basins (May 19 to 29). Duck 
nests were initiated over a period of 5 weeks while geese 
were Still associated with the islands and another 10 weeks 
after the nesting geese had left the islands. During the Ist 
period, more ducks (P<0.01) initiated nests on islands with 
nesting geese than on islands without geese (Table 1). After 
the geese left the islands, the number of ducks initiating 
hests on the same group of islands was still greater, but 
not significantly so, than on islands unused by geese. This 
Suggests that the presence of nesting geese made these 
islands more attractive to nesting ducks than islands 
without nesting geese. 

Physical characteristics of Group I islands (Table 2) 
tend to make them more attractive to nesting ducks than 
islands of Group II (Giroux 1979). However, because 
Variation in these characteristics was great, a multivariate 
analysis of variance showed that islands used by nesting 
geese did not differ significantly from unused islands 
(Table 2). If we consider that a factor of 1.3 was a 
residual differential value between the 2 sets of islands 
(Table 1) attributed to their physical characteristics, then 
the additional difference of 1.9 between Time 1 and Time 2 
can be attributed to the presence of geese nesting on the 
islands. This comparison assumes that there was no change in 


the relative attractiveness of the 2 groups of islands 
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during the 2 periods. Size and island perimeter remained 
constant over the season. Vegetative cover increased with 
the advance of the season but I have assumed that the 
increase was relatively the same on all islands, albeit 
total coverage varied among islands. Depth and distance from 
shore declined with advancing season, making some islands 
more vulnerable than others to nest predators. This loss of 
security and hence loss of attractiveness, was more 
pronounced for islands in Group II than in Group I 
(Table 2). Therefore, if densities of duck nests were 
affected only by the physical characteristics of islands, we 
should find a greater decline of density at Time 2 for 
islands of Group II than for those of Group I, but we did 
not. This suggests that departure of the nesting geese from 
islands of Group I reduced their attractiveness during Time 
Ze 

On 5 islands that were divided by an artificial barrier 
and used by nesting geese, the numbers of ducks nesting on 
the side occupied by the geese and the opposite side were 
recorded (Table 3). When the geese were associated with the 
islands, more ducks initiated nests on the half occupied by 
geese than on the other half, a trend that was reversed when 
the geese had left the islands. These observations support 
the previous observations suggesting that nesting ducks are 
attracted to nesting geese. However, differences were not 
significant possibly because of small sample size. 


A nest was considered successful if at least 1 egg in 
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the clutch hatched. Mammalian predation was the main cause 
of nest losses on the islands studied (Giroux 1979). Skunks 


(Mephitis mephitis), badgers (Taxidea tax 


us) and coyotes 


(Canis latrans) were seen on islands and many nests lost to 
predators showed signs of these mammals. While nesting geese 
occupied islands, nesting ducks associated with them were 
more Successful (P<0.005) than ducks nesting on islands 
without geese (Table 4). After the geese had left the 
islands, nesting success of ducks on the 2 groups of islands 
was not significantly different. This suggests that presence 
of nesting geese made islands safer for nesting ducks. 
Success of ducks nesting on islands in Group II, for which 
there was a relatively greater reduction in security because 
of a drop in water levels, and hence greater vulnerability 
to mammalian predators, did not change significantly between 
the 2 periods (Table 4). This contrasts with the situation 
on islands in Group I where nesting success decreased 
(P<0.005) during the 2nd period, yet the decline in security 
was less marked. This suggests that some factor other than 
water level influenced security of the islands, the most 
obvious keing the presence of nesting geese. Thus, 
attraction of ducks to isiands where geese were nesting may 
be related ultimately to the security of the islands for 
ducks and their hatching success. 

Canada geese were the ist birds to initiate nests on 
these islands. Among ducks, mallard and pintail are the 


earliest to nest (Sowls 1955:83). Thus it is not surprising 
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to find that 64% of 112 ducks that began nesting when the 
geese were laying or incubating were mallards and pintails. 
The species composition of nesting ducks on islands used and 
unused by geese was Similar (Table 5), suggesting that all 
species are attracted equally to nesting Canada geese. 

By the time geese left the islands, only 4 of 82 
clutches of ducks established on islands with nesting geese 
had hatched. Fifty-six of the remaining 78 ducks aad 
completed their clutches and begun to incubate at that time; 
the remainder were in various stages of completion. 
Therefore, it appears that most ducks were in the process of 


laying or incubating by the time geese left the islands. 
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Discussion 

My observations support the suggestion cf Long (1970) 
that nesting ducks are attracted to the vicinity of nesting 
Canada geese. Moreover, data on nesting success suggest that 
the association benefits ducks significantly. Since the 
geese apparently are not affected by the presence of nesting 
ducks, the relationship can be considered commensalistic. 
The benefit to the ducks seems to reflect the ability of 
geese to drive off potential nest predators. Hammond and 


Mann (1956:348) claimed that a pair of Canada geese can 


Ewaschuk (1970:45) recorded geese chasing crows from the 
Vicinity of their nests on 23 occasions. In 1977, I observed 
a pair of geese in the water near the island they defended 
respond to a crow that flew over the island by flying onto 
the isiand and calling. A similar response was made to gulls 
that were flying in the vicinity of an island occupied by 
another pair of geese which, at the time, were feeding at 
about 60 m from the island. I also recorded a few instances 
in which groups from 2 to 18 geese successfully chased a 
skunk from the vicinity of nesting islands during their 
incubation period. A comparable incident was observed by 

We Me Glasgow (pers. comm.) when he saw a badger retreating 


to a den when threatened and chased by a gander. However, 
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geese are unable to protect their nests from coyotes 
(Vermeer 1970a:240). These observations suggest that Canada 
geese can keep some of the smaller nest predators away fron 
their nests and, in so doing, provide protection to ducks 
that nest in their vicinity. 

Such protection by geese can only be effective while 
they remain associated with the nesting islands. By the time 
geese left the islands, most ducks were completing their 
clutches or incubating. Thus, protection offered by geese to 
nesting ducks must be through both laying and incubation 
periods of the ducks. When nests are unattended during the 
laying period, they are reported to be more susceptibie to 
predation than when females are incubating (Choate 1967, 
Bengtson 1972). 

Williams (1967:122) considered the ability of ducks to 
nest near incubating geese evidence of tolerance by the 
geese. Ewaschuk (1970:49) observed no interactions between 
ducks and incubating Canada geese; he noted that ducks were 
tolerated on the territory of geese and in some cases were 
seen to walk in the vicinity of an incubating female with no 
apparent response from either goose or gander. On the other 
hand, Cooper (1978:30) noted that incubating geese 
challenged all ducks that approached the nest. During the 
pre-incubation period of geese, I observed many instances in 
which geese, while preparing their nest sites or laying, 
showed no response to nearby ducks. However, I did observe 2 


pairs of geese that demonstrated aggressiveness towards 
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ducks. One pair chased mallards and pintails from the 
vicinity of their nest on 9 instances. No duck nested on 
that particular island when the geese were present. A 2nd 
pair was observed in 2 short interactions with 3 ducks. 
These observations may reflect individual variation in the 
level of tolerance. Nevertheless I suggest that, in 
southeastern Alberta, the majority of geese permit ducks to 
nest in close association with then. 

An interesting aspect of this association concerns its 
proximate cause. Hildén (1965) suggested that the innate 
releasing mechanism involved in nest site selection can be 
reinforced by learning. This hypothesis has been postulated 
to explain why ducks nest in association with gulls and 
terns (Koskimies 1957, Vermeer 1968). It is suggested that 
the habit may be transmitted to later generations by 
rae eas of the ducklings onto the larid colonies through 
acoustic or optic cues. However, in the association with 
geese, few ducklings had hatched when geese left the 
islands, thus eliminating the possibility for imprinting the 
ducklings cn the geese. 

Initial establishment of ducks on islands used by geese 
could have occured by chance. This possibility has been 
considered by Evans (1970) for the association between 
oldsquaws and arctic terns. Nest site fidelity in subsequent 
years is more probable among ducks that hatch their clutches 
successfully than among those that have their clutches 


destroyed (Hildén 1965, Doty and Lee 1974). Then 
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differential nesting success among ducks using islands with 
and without nesting geese (Table &) may contribute to the 
accretion of nesting ducks on islands used by geese. 
However, Canada geese do not use the same islands every year 
which may result in some homing ducks nesting on islands 
Without geese. During the entire study (Giroux 1979), 81% of 
43 islands were used on 2 successive years by nesting geese. 
Nevertheless, I calculated that if the association was by 
chance alone, the difference observed in nesting density 
would require a minimum of 6 years based on 2 assumptions: 
that all the surviving females that nested successfully on 
an island would return to that same island and that the 
Rumber of new females that nest on an island in a given year 
would be similar to the number of the previous year. Since 
the association in this study has evolved over an average of 
only 3.5 years, it is unlikely that it has arisen by chance 
alone. 

Alison (1975) has suggested that the proximate factor 
favoring the association between oldsquaws and arctic terns 
was probably the selection of the same type of habitat. 
However, data from this study do not support this hypothesis 
because if there were selection of the same type of islands 
by ducks and geese, we should find the same difference in 
densities between the 2 groups of islands or in other words 
Similar ratios at both periods, but we did not (Table 1). On 
the other hand, there is perhaps selection of different 


types of islands by the various species of ducks which nest 
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at different times over the summer. For instance, mallard 
and pintail nest predominantly in Time 1 and may select 
Group I islands while lesser scaup (Aythya affinis) and 


gadwall (Anas strepera) nest later (Time 2) and may select 
Group II islands which could explain the decrease of ratio 
at Time 2. However, when only data for early nesters 
(mallard and pintail) are analysed, a similar decrease of 
ratios is found (from 2.9 to 1.2) to that when all species 
of ducks are pooled together (Table 1). Thus it is 
improbable that the association between ducks and geese 
originated from selection of the same type of island. 

It is more likely that the association has arisen from 
an active attraction of ducks by geese. This social stimulus 
has been suggested by Long (1970). Large size and 
conspicuous territorial behavior of geese probably make then 
obvious to ducks. Sight of a large goose building her nest 
or incubating may also constitute a stimulus to other 
waterfowl selecting nest sites. The only data that I have to 
Support this hypothesis were collected at impoundment D 
where artificial barriers divided some islands in half. On 
these islands, more ducks established their nests on the 
Same side as the incubating goose. Perhaps the numbers of 
nesting ducks on the 2 halves of these islands were not more 
different because the presence of a pair of geese on a 
particular island may be sufficient to attract ducks to the 


island since geese usually defended its entirety (Giroux 


1979). 
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in summary, I suggest that ducks are socially attracted 
to islands where nesting geese are present; this has a 
Survival vaiue especially for early nesting ducks (mallards 
and pintails) which receive protection from predators 
through the presence of geese nesting on the islands. Such 
association between ducks and geese may have management 
implications. The property of geese to attract and protect 
nesting ducks should be exploited by providing nesting 
structures that can support at least 1 goose and several 
duck nests. Therefore, the creation of earthen islands like 
those considered in this study should be preferred over 
artificial structures such as washtubs, elevated and 
floating platforms or round hay bales which usually support 


only 1 goose nest (Brakhage 1966, Rienecker 1971). 
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fable 1. Number of nests initdated by ducks during and 
after occupation of a series ‘of Aslands by nest ing 


Canada geese near Brooks, Alberta. 


Mean No. of nests per ha per week + SE 


Islands 
Ts eels Timewse? 
Used by geese ty 0a 76 2 On Eo 
Unused by geese tb 1G ees 2 Os 
Ratio Pee aL Ree ae 


¢ Period when geese were associated with islands (April 


to mid-May). 
“ Period after geese had left the islands (mid-May to 
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doole 2 aracteristics or sarr ficial telangs used 
and unused by Canada geese for nesting near Brooks, 


Alberta. 


a nr eR TE ce 
SS SS Ee ee eee aa eae eee eee ee a ee 


Mean + SD 
Characteristics 
Used by geese Unused by geese 
Size Or delends (ha) ous o0 tt Seek ete 
Perimeter of islands 331.9 259.9 Sie iain 
(m) 
Vegetative cover = aA Ont aor G 24 Ge et gas 


(3) 


Distance’,Time 1° (m) 57.5 ¢ 47.5 Wow gue 1835.0 
Distance,Time 2% (m) 24.6 + 33.9 aa ae 
Depth ,Time 1 (cm) POR Oe uae We Hee ah. 2 
Depth,Time 2 (cm) a5 Ay Ph adkae Wa tOuee2? 43 


Wilks! lambda = 0.732: df = 7,38; F = 1.99; P>0.05. 


¢ Percent of island surface covered oy Torbs. and 
grass-forbs measured in July (Giroux 1979). 

b Distance between island and mainland. 

° Period when geese were associated with islands (April 
to mid-May). 

¢ Period after geese had left the islands (mid-May to 
Auecust yr, 
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Depth of water between island and mainland. 
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Table 3. Number.of nests Anitidateds by. dueks. during 
and after the occupation by nesting Canada geese of 


Dea Seno Seed Valeo ein fori Tia od bare eis 


Now Of “nests per week 


Half 
Time 1° Time Be 
With goose nest i RE) 0.9 
Without goose nests Chas fe, 
Ratio Le See: OOGed. 


= Period when geese were associated with islands (April 
to mid-May). 
> Period after geese had left the islands (mid-May to 


August). 
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Table 4. Nesting success of ducks (%) during and after 


occupation of some islands by nesting Canada geese. 


Islands Time 1° Time 2° 
Used by geese 56 Pye Ov a Sy Ose y, 
Unused by geese Pio tall ef ZOE a si ai i wae 


Ke Period when geese were associated with islands (April 
to mid-May). 

> Period after geese had left the islands (mid-May to 

Aueust 


Figures in parentheses are the total number of nests. 
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Table S. Species compositiom sot duck= nesting in 
association with Canada geese on artificial islands 


in impoundments near Brooks, Alberta, during Time eae 


Number of nests 


Species 
Used Dy geese Unused by geese 
Mallard Wy (39) 16 (34) 
Patio. 1 2525) 16. (34) 
Other® 40 (36) yee) 
Total TES Lo ) ) 


* Period when geese were associated with islands (April 
to mid-May). 

D Pigures in parentheses are percentages. 

“ Includes blue-winged teal (Anas discors), northern 
shoveler (A. clypeata), American wigeon (A. americana), 


gadwall, lesser scaup’ and redhead (Aythya americana). 
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PAPER 3. EFFECT OF DROUGHT ON WATERFOWL USE OF ARTIFICIAL 
IMPOUNDHENTS ON THE PRAIRIES OF ALBERTA 
Abstract 
The effect of variation in precipitation on the use 

that nesting ducks made of islands in artificial 
impoundments in southeastern Alberta was evaluated over a 
3-year period. During 1 year when drought conditions 
prevailed, more ducks nested on islands than during the 2 
years when normal conditions prevailed. Gadwall (Anas 
in the number of nests under the dry conditions. 
Implicaticns of these changes in numbers of nesting ducks 
are discussed from the standpoint of local distribution and 


overali production. 
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Introduction 

Annual precipitation characteristically fluctuates on 
the plains of North America and these fluctuations dictate 
the number cof temporary ponds present each year (Pospahala 
et al 1974). When dry conditions prevail the number of 
potholes declines, part of the breeding population from the 
plains is reportedly displaced to the North (Smith 1970, 
Pospahala et al 1974) and production of ducks declines over 
the continent as a whole (Crissey 1969, Smith 1970). One 
reason postulated for lowered production under drought 
conditions is that the reproductive potential of ducks 
moving to higher latitudes is lower (Smith 1970, Calverley 
and Boag 1977). The latter authors suggest that management 
of waterfowl breeding habitat on the plains should strive to 
minimize this northward displacement of birds, particularly 
mallards {Anas platyrhynchos) and pintails (A, acuta), by 
providing waterbodies that would persist through dry years. 
While studying the use of man-made islands by nesting 
waterfowl in southeastern Alberta (Giroux 1979), I had the 
opportunity to document the effect of drought on the use of 


artificial impoundments by nesting ducks. 
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Study Area 

This study involved 3 impoundments created by Ducks 
Unlimited (Canada) near Brooks (50.69 N, 111.99 W), Alberta, 
in an area of mixed prairie (Coupland 1950). One was an 
irrigation reservoir (B) with 13 km2 of flooded area anda 
maximum depth of about 5 m. The others were shallow basins 
(D and E) with areas of 2.3 and 1.4 km? and a maximum depth 
of about 1m. A series of islands were artificially-created 
in these impoundments by either cutting off peninsulas 
(reservoir) or by piling up earth scooped out from a 
surrounding moat (shallow basins). Detailed descriptions of 
the islands appear in Giroux (1979). Throughout the summer, 
irrigation and evapo-transpiration contributed to the 
decline of water levels in the impoundments which were 
refilled in fall and early spring with water from the Bow 


River. 
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Methods 

Impact of drought on waterfowl use of these artificial 
waterbodies was based on the relative number and success of 
ducks nesting on the islands created in them. From 1976 to 
1978, an area of about 8.4 ha of island habitat was 
Systematically searched for nests (Giroux 1979). The same 
islands (34) were studied each year. In 1976 and 1978, 2 
searches were done by walking 1 series of transects parallel 
to the long axis of each island. In 1977, 4 searches were 
conducted each consisting of 2 series of transects 
perpendicular to each other. To allow comparisons among the 
3 years, I eliminated the 42 nests (13%) found during the 
ist and 4th search in 1977 which were before and after those 
conducted in 1976 and 1978. I also eliminated the 23 nests 
(7%) missed during the 1st series of transects but located 
during the 2nd. 

All nests containing 1 or more eggs were recorded by 
plotting them on maps of the islands. If eggs were absent, 
probably the result of predation, nests were recorded only 
if fresh down and nest material were still present in the 
nest bowl. Species of waterfowl that initiated nests were 
identified by either flushing the female or using 
characteristics of nest and associated eggs, down or contour 
feathers. A nest was considered successful if at least 1 egg 
in the clutch hatched. 

Precipitation data were collected at the Brooks weather 


station, 25 km northwest of the study area. In each basin, 
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water levels were noted regularly using permanent guages 
installed by Ducks Unlimited (Canada). 

Comparisons of data included an approximate test of 
eguality of means with heterogeneous variances and a test 
for independence using the G-statistic (Sokal and Rohif 


1969); the level of significance was established at 5%. 


Results 

Precipitation falling between September and April 
influences spring run-off and consequently habitat 
conditions for waterfowl in spring. Precipitation during 
this period was 27% higher in 1975-76 and 45% higher in 
1977-78 than the 30-year average (154.1 mm). By contrast, 
during the same period of 1976-77, precipitation fell to 42% 
below that of the long-term average. These differences were 
reflected in water conditions recorded during breeding pair 
surveys conducted in May on the prairies (Table 1). In 1977, 
the mean number of ponds per transect was lower (P<0.005) 
than in 1976, 1978, and the 13-year average for all types of 
ponds except the category "other" (Table 1). Thus conditions 
in 1977 can be considered well below average for waterfowl 
whereas 1976 and 1978 can be considered about average. 

At reservoir B, water levels were similar in early June 
1976 and 1977 but slightly lower in 1978 (Table 2). In the 
low-lying basins (D and E), dry conditicns of 1977 were more 
marked, especially at E where conditions in 1978 still 


reflected the low availability of water in 1977 (Tabie 2). 
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In 1977, the number of duck nests found on the islands 
searched increased, resulting in a density increase of 72h 
over that in 1976 (Table 3). The following year the number 


of nests decreased and density declined to only 23% above 
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that of 1976. Nesting success showed a slight decrease 


during the last 2 years (Table 3). Mammalian predators 


woe dee seeesee= 0 ape te ee oe ae SS ee = = we ee ae eee 


taxus) and coyotes (Canis latrans) were the main cause of 
nest losses on the islands (Giroux 1979). During the summers 
of 1976 to 1978, they accounted for 76, 90, and 54% of the 
known nesting failures. Relative to 1976, the number of 
successful nests per ha rose by 56% in 1977 but was only 15% 
higher in 1978. 

The species composition nesting on the islands changed 
(P<0.005) between years (Table 4). The relative proportions 
of mallard, pintail, and gadwall were about the same in 1976 
and 1978 but in 1977 the proportions of the former 2 
decreased while that of gadwalls increased. A similar change 
was recorded for gadwalls in the surrounding area where it 
represented 7, 15, and 6% of the breeding pairs counted 
between 1976 and 1978 (Ducks Unlimited [Canada], unpubl. 
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Discussion 

The prairie pothole region of North America produces 
more waterfowl than any other ecological zone but this 
productivity is very sensitive to variation in weather 
conditions (Pospahala et al 1974). The number of potholes 
available in spring on the prairies determines the number of 
pairs that remain to breed (Drewien and Springer 1969). 
Absence of spring run-off and limited precipitation in 
southeastern Alberta in 1977, resulted in a considerable 
decline in number of waterbodies on the prairies (Table 1). 
I assume that a reduction in water levels also occured in 
the remaining waterbodies (Drewien and Springer 1969). Under 
these dry conditions, the number of nests initiated on 
Man-made islands located in artificial impoundments 
increased by 102% over 1976. Despite lower water levels, 
these impoundments still held more water than adjacent 
prairie wetlands. 

The total number of nests includes an undetermined 
number of renesting attempts and therefore does not 
represent the absolute number of breeding females. However, 
since the proportion of females renesting is reported to be 
lower during periods of drought (Salyer 1962, Stoudt 1969), 
the increase in numbers recorded nesting in 1977 should 
represent relatively more nesting females than in either 
1976 or 1978. 

The increase in 1977 was greater than could be 


explained by homing cf all surviving females that nested on 
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these islands in 1976 plus all of those females that were 
produced on them in 1976 (Table 5). Moreover, a homing rate 
of 50% is more realistic (Doty and Lee 1974) and therefore 
the increase must have represented immigration. 

Greater attractiveness of the islands througi 
modification of their physical characteristics is also 
unlikely to explain this increase of nesting ducks since 
their number decreased in 1978 on the same group of islands. 
The only major change in 1977 was the loss of prairie 
wetlands nearby. Thus the persistence of water in adjacent 
artificial impcundments would seem to have caused waterfowl 
to immigrate into them to nest. Similar conclusions have 
been reached by Smith (1969), Dzubin (1969) and Sugden 
(1978) who suggested that displacement of ducks from 
deteriorating habitat contributes to an increase of birds in 
other areas where water persists. 

Nesting success was Slightly lower during the last 2 
years of the study (Table 3). High densities of nests 
recorded in 1977 were not considered to affect the nesting 
success of ducks (Giroux 1979). However, lower water levels 
in some impoundments reduced the security of islands in 
them; maximum predation was recorded with minimum water 
levels. In other studies, decrease of hatching success 
during drought also has been attributed to increased 
predation and mortality of embryos (Salyer 1962, Rogers 
1964, Stoudt 1969). 


Despite a lower nesting success in 1977, the actual 
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number of successful nests increased by 85% during the dry 
conditions of 1977. Although nesting success is only 1 step 
in production, it suggests that the overall impact of 
drought on waterfowl in an area with artificial impoundments 
may be less detrimental than in areas without them. Drought 
usually has been reported to have adverse effects on 
waterfowl production in local studies (Salyer 1962, Rogers 
1964, Stoudt 1969), in regional surveys (Stewart and Kantrud 
1974, Brewster et al 1976), and on a continental basis 
(Crissey 1969, Smith 1970). During the drought of 1977, the 
presence of artificial impoundments in southeastern Alberta 
provided suitable nesting habitat for homing waterfowl and 
apparently attracted other birds displaced from more 
deteriorated areas. To what extent these basins with 
artificially manipulated water levels attract ducks that 
would otherwise overfly the area in times of drought remains 
unknown. Except for the incidental observations reported by 
Hansen and McKnight (1964), there is no good evidence that 
displaced ducks actually nest in the arctic (Nudds 1978). 
Moreover, even if they do , the reproductive potential of 
ducks nesting in the arctic (homing and perhaps displaced) 
is lower than in the parkland (Calverley and Boag 1977). 

No data on fledging success are available from this 
study, but reservoir B, with its permanent water supply, 
appeared tc provide adequate brood habitat even during the 
drought pericd. However, the situation became more critical 


in the shallow basins (D and E) when declining water levels 
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decreased the quality of the habitat. It even may have 
constituted a threat to survival of the broods. These 
impoundments with artificial islands were attractive to 
breeding pairs in spring but may have become a "trap" during 
the brood rearing period if birds were forced to search for 
more permanent waterbodies and thus exposed themselves to 
predators (Dzubin and Gollop 1972). 

Relative proportions of mallards and pintailis in the 
island-nesting population fluctuated over the 3 years with a 
decline in 1977 that may have represented a northward 
displacement of these species (Smith 1970, Pospahaia et al 
1974). By contrast, gadwalls were more abundant during the 
drought of 1977 showing an increase in relative abundance 
and in absolute number of nests (346%). In Utah, Weller et 
al (1958) noted an increase of 45% in the number of gadwall 
nests during a drought while Brewster et al (1976) recorded 
an increase in the relative proportion of the breeding 
population during a dry year in South Dakota. Crissey 
(1969:170) stated that the cause of an apparent increase in 
gadwail numbers during droughts has yet to be determined. 
The relative increase may be explained by looking at the 
habitat used during the breeding period. Gadwall appear to 
be associated with larger and deeper marshes (Duebbert 1966, 
Long 1970, Hines 1975) which are more likely to persist even 
during dry periods. By nesting later, gadwalls are also less 
likely to select waterbodies that will dry up and become 


traps. Finally, they are probably less affected by drought 
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than most other species in terms of nesting cover since they 
usually select dry upiand nest sites (Duebbert 1966, Long 


1970, Hines 1975). 
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Management Implications 

Little information on the effect of drought on 
waterfowl using artificial impoundments has been published. 
On isiands located in artificial waterbodies in southeastern 
Alberta, a greater density of successful nests was recorded 
during a dry year than during years with normal conditions. 
Creation of artificial impoundments could be promoted on the 
prairies to minimize the impact of dry conditions on 
waterfowl production. However, it is imperative that the new 
habitat be suitable for waterfowl until the young are 
fledged. If not, such impoundments may be an ecological trap 
benefiting mainly the predators of waterfowl and if so 


should not be constructed. 
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Table e. Difference in water elevation in early June 
1977 and 197s compared ce fe7G in S “artit fever 


impoundments near Brooks, “Alberva’. 


Difrerence from F076 (nm) 


Impoundment 
TORE 1978 
B -3 = 
D -91 -15 
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fable 3. Number and success, of— ducks. nest ner om isdands 


in 3 artificial impoundments mear Brooks, Alberta, 1976- 


(Gey 


Number of nests 
Density of nests (No/ha) 
Success (3%) 


Density sofiusuccessrud 
nests (No./ha) 


1976 


lap 28) 
ice 
54 
9.4 


ott 
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29.6 
50 
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Table 4. Species composition of ducks nesting on islands 


ino. artificial impoundments, near Brooks, Alberta, 1976- 


aos 
Number of nests 
species anne 
1976 LOY 1978 

Mallard Beane yi i: Ne (a9) 38 (24) 
Pintada. eq Gens) ae hes Fuel eae 
Lesser scaup 1 tes) SOe 2s HO C25) 
Gadwall glee oy Ge eee bo (24) Oo. VOLO!) 
Teal? ee a) 20 S02") Oe Ses 
Other® 17 14) 25 (10) 28 (17) 
POGadk 15. LO DORA Ot) POW FOL oe, 
a 


Figures in parentheses “ares percenvages. 
All 3 species of veal weres grouped together. 
Includes American wigeon, redhead, northern shoveler, 


ruddy duck and white-winged scoter. 
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Table 5. Number of females observed and expected to 


nest on islands in artificial impoundments near Brooks, 


Alberta, DO HOK Te. 
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Year No. expected* No. observed? 
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1976 ~ 91 
LS fy 130 189 
1978 267 123 


The mumbper of expected females, was’ based on the homing 
OF sels The (SUPViV Ine tema les that nested or iwere produced 
on the islands. A survival rate of 54 and 46% were 
considered respectively for adults and juveniles (Ander- 
som LOTS) with \am. avyerace: of vos ( fledged birds: per suc— 
cessful nests (Pospahala et al 1974) and an equal sex- 
eee Oe 

The number ot opserved temakes was based on the number 
of nests (Table 4) with a renesting. rate of 609% (Keith 
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CONCLUDING DISCUSSION 

Recently, Belirose and Low (1978) stated that 
acquisition and development of wetland habitat is an 
important aspect in waterfowl management but that such 
activities are in conflict with agriculture. Therefore they 
stressed the importance of producing more waterfowl per unit 
area and they suggested that techniques such as nesting 
islands should be improved and used more extensiveiy. I 
investigated the use of artificial islands on the prairies 
of Alberta and concluded that this technique is effective in 
producing a gocd number of ducklings and goslings at nest 
exodus in a limited area. Aggregation of nests on insular 
habitat may be achieved by homing of adult and young females 
that suffer reduced mammalian predation when nesting on 
these islands (Hildén 1965, McKinney 1965). 

Results of this study supported the hypothesis of 
Hildén (1965) regarding the mechanisms involved in habitat 
selection by birds. Use of islands by nesting waterfowl was 
influenced by the physical characteristics of the 
environment and by interactions among birds of the same and 
different species (Fig.1). In general, the artificial 
islands were ccnsidered attractive to waterfowl but nesting 
success was sometimes low. Since the objective of the 
technique is to augment waterfowl production, the physical 
characteristics of islands appear to be the easiest to 


manipulate to increase productivity on then. 
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Improvement can be achieved by locating islands farther 
from shore; a distance of 170 m and a depth of 75 cm between 
the islands and the shore should limit access of mammalian 
predators to the islands, making them more attractive and 
safer for both nesting ducks and Canada geese. Also, a 
distance of at least 100 m between islands should decrease 
Mammalian predation. Size and establishment of nesting cover 
are 2 other characteristics to consider when building 
islands. Minimal size for optimal production has yet to be 
determined but, from this study, an island of 0.1 ha appears 
to be the most productive. Establishment of vegetation on 
islands can be accelerated by seeding; type and quantity of 
seeds to use depends upon soil and moisture conditions 
particular to each area. With the dry conditions prevailing 
on the prairies, it would be appropriate to water the 
islands at the time of seeding. 

Other factors influencing production on islands are the 
interactions between birds (Fig. 1). Intraspecific 
interactions among ducks on nesting grounds are not obvious 
but their effect may be viewed indirectly through 
distribution of nests. Newton and Campbell (1975) found that 
in homogenecus habitat, nests of a same species were spaced 
regularly. This spacing is apparently achieved by females 
when selecting their nest sites (Duebbert 1966, Newton and 
Campbell 1975). 

In this study, maliard, gadwall, and lesser scaup 


nested at a greater density and selected islands to a 
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greater extent than the other species of ducks found in the 
area. What permitted such dense nesting in these 3 species 
is unknown. McKinney (1965) suggested that modification of 
behavior may enable species such as mailard and gadwall to 
nest at high density in insular habitat. In such instances, 
islands are used for nesting only and are not considered 
part of the territory (Hammond and Mann 1956, Weller 1964, 
Newton and Campbell 1975). McKinney (1965) considered that 
mobility of the pair was important so that not all 
activities need to be accomplished on the islands. 
Concentraticns of nests in Aythya species probably reflect a 
low level of aggressiveness in this genus relative to Anas 
(McKinney 1965). For the other species, such as pintail, 
blue-winged teal, northern shoveler, and American wigeon 
that showed less affinity to islands, it was not possible to 
determine whether they were avoiding islands per se or if 
they were intolerant of or subordinate to other individuals 
already established on the islands. McKinney (1965) 
suggested that northern shoveler tend to space out their 
nests through hostility between pairs. 

Interspecific hostility is rare among different species 
of ducks nesting in a same area (McKinney 1965). Bengtson 
(1970) observed no evidence of interspecific aggression 
between females while Newton and Campbell (1975) found that 
each species tolerated other species closer than its own. 
Long (1970) observed that nesting ducks were apparently more 


alarmed by the presence of an experimental dummy of their 
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Own Species near their nests than that of a different 
Species. Variation in nesting chronology of the different 
Species may also decrease interspecific competition. Of the 
3 common nesters on the islands, mallards, which nest early 
in the season, appear to be isolated in time from lesser 
scaup and gadwall that nest later (Keith 1961). This 
temporal spacing, the low degree of interspecific 
territoriality, and selection of different types of nesting 
cover (Long 1970) all contribute to keep interspecific 
competition to a minimum and allow maximum use of islands. 

Defense of an entire island by a single pair of Canada 
geese and interactions among the birds usually prevented 
establishment cf more than one pair per island, especially 
on the small islands in the low-lying basins. However, 
initiation of 2 nests per island may be promoted by the 
establishment of tall forbs over the entire island which 
appear to decrease the visual stimuli and hence interactions 
between pairs. Ewaschuk (1970) observed a shorter 
nearest-neighbor distance (11 m) between nests located in 
Shrubs than between those found in short grass (26 m). He 
also found an inverse relationship between the number of 
interactions between pairs and vegetation density which may 
act aS a visual barrier. Although nesting success was lower 
on islands with 2 or more nests, the net production at nest 
exodus per island was greater on those islands than on 
islands with a singie nest. 


Establishment of more than 1 goose nest per island may 
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also extend the period that geese are associated with the 
islands. Presence of nesting geese on islands attracted 
ducks to nest there at the same time protecting them against 
potential nest predators (Fig. 1). This interspecific 
association which benefited the ducks significantly is 
considered commensalistic. 

Finally, environmental conditions such as the 
availability of natural prairie wetlands are also important 
in influencing production on islands (Fig. 1). Annual 
variation in precipitation on the prairies dictates the 
number of temporary ponds which have a direct influence on 
waterfowl production (Crissey 1969, Smith 1970). A decrease 
in the number and quality of these ponds during a dry year, 
increased waterfowl populations on the artificial 
impoundments investigated in this study. 

During pericds of drought on the prairies, ducks have 
several possibilities. A number of birds home to the 
prairies and fill the suitable habitat which becomes rapidly 
limited. Other individuals are displaced to more permanent 
waterbodies (Smith 1969, Dzubin 1969, Sugden 1978, this 
study) and scme others may not nest at all (Rogers 1964, 
Smith 1969, Dzubin and Gollop 1972). There is also some 
indication that a part of the population is displaced to the 
northern breeding areas (Smith 1970, Pospahala et al 1974).. 
Based on observations of unmarked birds, Hansen and McKnight 
(1964) claimed that drought-displacea ducks have nested 


successfully in the arctic. Except for these incidental 
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observations, there is no evidence that ducks nest in the 
North after having extended their migration beyond the 
prairie latitudes (Nudds 1978). Even if they do so, 
Calverley and Boag (1977) found that birds breeding in the 
arctic nested with lower reproductive potential than those 
nesting in the parkland. Therefore, presence of artificial 
impoundments may prevent some birds from overflying the 
prairies and allow them to reproduce with greater potential 
than at more northern latitudes. 

Since artificial impoundments are attractive to 
breeding pairs in spring, it is imperative that they remain 
adequate until the young are fledged otherwise they would 
become “ecological traps" and therefore should not be 


constructed. 
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